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(54) Pdlynier electrolyte fuel cell 

(57) The present invention provides a polymer elec- 
trolyte fuel cell in which neither cross leakage nor out- 
ward leakage occurs with the applk:ation of low clamp- 
ing pressures. The polymer electrolyte fuel cell compris- 
es a unit cell, the unit cell comprising: a membrane elec- 
trode assembly (MEA) (1 0) comprising a polymer elec- 
trolyte membrane, a gasket (11) covering the periphery 
of the electrolyte membrane, an anode (12) and a cath- 
ode attached to the electrolyte membrane; and conduc- 
tive separator plates sandwiching the MEA therebe- 
tween. The gasket and the separator plates have a pair 
of manifold apertures for each of fuel gas (14), oxidant 
gas (1 5) and cooling water (1 6). The gasket comprises 
dummy ribs (21 ,22,23) sun-ounding each of the manifold 
apertures, and the separator plates have grooves into 
whbh each of the dummy ribs is fitted loosely such that 
there is a clearance therebetween. The gasket further 
has seal ribs (41 ,42,43) surrounding each of the mani- 
fold apertures, the anode and the cathode, as well as 
seal ribs formed on both sides of each of gas passages 
connecting the fuel gas manifold apertures with the an- 
ode and gas passages connecting the oxidant gas man- 
ifold apertures with the cathode. These seal ribs, except 
for in the gas passages, are pressed against the sepa- 
rator plates by clamping pressure of the cell stack to 
fon^n^gas sealing sections. 
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BACKGROUND OF THE INVENTION 

5 [0001] The present invention relates to a solid polymer electrolyte fuel cell, and more particularty to Improvements 
in sealing structure between a gasket disposed on the periphery of a membrane electrode assembly and conductive 
separator plates. 

[0002] The most typical example of solid polymer electrolyte fuel cells comprises: an electrolyte membrane-electrode 
assembly (MEA) composed of a polymer electrolyte membrane, a gasket which is fomned of a sealing material and 

10 supports the periphery of the electrolyte membrane, an anode attached to one face of the electrolyte memtsrane, and 
a catftode attached to the other face of the electrolyte membrane; an anode-side conduce separator plate and a 
cathode-side conductive separator plate sandwiching the MEA; and gas supply means for supplying a fuel gas and an 
oxidant gas to the anode and the cathode, respet^ively. The important problem with this kind of fuel cells is cross 
leakage of the gasses which takes place in the vicinity of gas manifold apertures. In the vicinity of oxidant gas manifold 

15 apertures, cross leakage of the gasses occurs because the gasket sags into a fuel gas flow channel of the conductive 
separator plate. The sagging consequently creates two leak paths leading to the oxidant gas manifold aperture from 
the anode. One of the leak paths is created by separation of the gasket from the anode side of the separator plate, 
and the other is created by separation of the gasket from the electrolyte membrane as the result of the sagging of the 
gasket. Likewise, In the vicinity of fuel gas manifold apertures, gas leakage occurs because the gasket sags into an 

20 oxidant gas flow channel of the conductive separator plate. 

[0003] In order to solve this problem, the inventors of the present invention made the following proposal in WO 
02/061 869. The entire disclosure thereof including specification, claims, drawings and summary is Incorporated herein 
by reference in its entirety. That is, the disclosure is a method in which a plurality of through holes 2 are arranged in 
the periphery of an electrolyte membrane 1 as illustrated in FIG. 1 , and a gasket is integrally joined to the periphery of 

25 the electrolyte membrane by injection molding so as to include the through holes. In this method, the portion of the 
gasket covering one face of the electrolyte membrane is connected to the portion covering the other face thereof at a 
portion covering the edge of the electrolyte membrane and at the through holes, so that It is possible to eliminate the 
cross leakage of the gasses caused by separation of the gasket from the electrolyte membrane. Also in this method, 
the gasket is provided with ribs formed between the anode and the oxidant gas manifold apertures, and the rik>s are 

30 fitted into grooves formed in the corresponding positions of a separator plate to prevent the separation of the gasket 
from the anode side of the separator plate. Likewise, ribs fomied on the gasket are fitted Into grooves of a separator 
plate to prevent the separation of the gasket from the cathode side of the separator plate. These ribs of the gasket not 
only mate the gasket to the separator plates but also function as flowing paths of molten resin in molding. Thus, the 
rit>s are indispensable for gaskets that are thin and injection molded. 

35 [0004] IHowever, the prevention of the gas leakage by fitting the ribs of the gasket into the grooves of the separator 
plates has been found insufficient 

[0005] In Injection molding, molded artfeles are inevitably subject to mold shrinkage. Since the degree of mold shrink- 
age varies depending on the molding materials and the shapes of the molded articles, It is nonnally difficult to predict 
beforehand. Thus, in case the degree of mold shrinkage has been beyond the prediction, there arises a problem of 

40 the ribs of the gasket not fitting into the grooves of the separator plates properly. Therefore, in the above-described 
structure of fitting the ribs of the gasket Into the grooves of the separator plates, the gasket needs to be molded be- 
forehand, and then the separator plates need to be designed based on the actual measurement of the mold shrinkage 
of the molded gasket Since the separator plates are composed mainly of metal or carbon, even the molded separator 
plates are hardly subject to mold shrinkage. Thus, designing the separator plates so as to mate with the molded gasket 

45 is a rational process. This process, however, has a disadvantage that the design of the separator plates must be done 
each time the rate of mold shrinkage is changed, for example, by the change of the gasket material. 
[0006] in the above-described structure, the sealing between the gasket and the separator plates Is basically surface 
to surface sealing except for the mating portions, and both the gasket and the separator plates therefore need to have 
suffrcient surface accuracy. However, on the surface of an injection molded artk:le, gate marks and ejector pin marks 

50 are left inevitably. The heights of the marics are usually approximately a few tens of microns depending on the mold 
structures and materials. In the above-described structure of the fuel cell, when the gate marks and ejector pin marics 
are left on the rib portions or the standard thickness portion (the portion without the rbs) of the gasket, except for the 
case where the gasket is extremely elastic, clearances are produced between the separator plates and the gasket to 
cause cross leakage or outward leakage of the gases. This problem is common particulariy in the case of using molded 

55 separator plates. Since the separator plates have almost no elasticity, such surface irregularities need to be compen- 
sated solely by the gasket That Is, It is necessary to use a highly elastic nnaterial for the gasket However, such a highly 
etastto material has a problem in that it usually has poor mechanteal strength and therefore tends to creep. 
[QOOT] Further, in the above-described surface to surface sealing, a sufficient surface load needs to be applied onto 
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both the gasket and the separator plaAes/Hence, another problem arises in that the clamping pressure of the cell stack 
must be heightened unnecessarily. This also involves a problem of requiring unnecessarily large-scale clamping mem- 
bers such as end plates, bolts, springs, etc., the large-scale clamping members giving a negative effect In temns of the 
volume. 

5 

BRIEF SUMMARY OF THE INVENTION 

[0008] In one aspect of the present invention, small ribs for sealing are fonned on the gasket in order to ensure the 
sealing between the gasket and the separator plates instead of seating the gasket and the separator plates in a surface 
10 to suriace manner. 

[0009] In another aspect of the present invention, while ribs and other moldings of the conventional gasket are re- 
tained for ensuring moldability and mechanical strength, small ribs for sealing are formed on portions of the gasket 
which would conventionally come in contact with the separator plates in a surface to surface manner. The mechanical 
strength required for the gasket Is bending strength, tortional strength or the like, and particuiariy a strength which 
15 allows the gasket not to sag into the gas flow channels of the separator plates. The fonner ribs are hereinafter referred 
to as dummy ribs since they make no direct contribution to the sealing, and the latter rit>s are hereinafter referred to 
as seal ribs. 

[001 0] The present invention is directed to a polymer electrolyte fuel cell comprising a unit cell, the unit cell comprising: 
an electrolyte membrane-electrode assembly (hereinafter refen-ed to as MEA) comprising a polymer electrolyte mem- 

20 brane, a gasket covering the periphery of the electrolyte membrane, an anode attached to one face of the electrolyte 
membrane, and a cathode attached to the other face of the electrolyte membrane; and an anode-side conductive 
separator plate and a cathode-side conducth^e separator plate sandwtohing the MEA therebetween. 
[001 1 1 The gasket and the anode-side and cathode-side conductive separator plates have a pair of fuel gas manifold 
apertures, a pair of oxidant gas manifold apertures and a pair of cooling water manifold apertu res. The gasket comprises 

25 a dummy rib whteh at least partially sun^unds one of the seal ribs which will be described later on the anode-situated 
side and a dumnny rib which at least partially sunrounds one of the seal rit>s on the cathode-situated side. The separator 
plates comprise a groove Into which the dummy rib is fitted loosely such that there a clearance therebetween. The 
groove into which the dummy rib Is fitted loosely specifically refers to a groove which is larger than the dummy rib both 
In width and depth/height and into which the dummy rib is fitted without being bound. 

30 [001 2] The gasket comprises, on the anode-situated side, a seal rib whbh surrounds a fuel gas flow section extending 
from one of the fuel gas manifold apertures through the anode into the other of the fuel gas manifold apertures and 
seal ribs which surround each of the cooling water manifold apertures. The gasket preferably comprises seal ribs 
surrounding each of the oxidant gas manifold apertures on the anode-situated side. 

[0013] The gasket further comprises, on the cathode-situated side, seal ril:>s which surround each of the fuel gas 
35 manifold apertures and the cooling water manifold apertures. The gasket preferably comprises a seal rib which sur- 
rounds an oxidant gas flow section extending from one of the oxidant gas manifold apertures through the cathode Into 
the other of the oxidant gas manifold apertures. 

[001 4] The above-described seal ribs are pressed against the separator plates by clamping pressure of the cell stack 
to form gas sealing sections. 

40 [001 5] The anode-side conductive separator plate comprises, on the anode-fadng side, a fuel gas flow path which 
communicates with the pair of fuel gas manifold apert:ures, and the cathode-side conductive separator plate comprises, 
on the cathode-facing side, an oxidant gas flow path whksh communteates with the pair of oxidant gas manifold aper- 
tures. The fuel gas flow path and the oxidant gas flow path convnunlcate with the fuel gas flow section emd the oxidant 
gas flow section of the gasket, respectively. 

45 [0016] The dummy rib and the seal ribs are fomried on both sides of the standard thtekness portion of the gasket. 
The expression "standard thickness" as used herein refers to the thickness of the gasket which does not include the 
height of the rib. As described above, the dummy rib has the function of improving the moldability of thin gaskets. Thus, 
it IS preferable that the dummy rib on the anode-situated side sut>stantially surround the seal rib surrounding the fuel 
gas flow section, and that the dummy rib on the cathode-situated side suk>stantially surround the seal rib surrounding 

50 the oxidant gas flow section. More preferably, the gasket further comprises, on the anode-situated side, dummy ribs 
surrounding each of the seal ribs sumounding the oxidant gas manifold apertures and the cooling water manifold ap- 
ertures, and further comprises, on the cathode-situated side, dunimy ribs sunrounding each of the seal ribs surrounding 
the fuel gas manifold apertures and the cooling water manifold apertures. In molding the gasket, the gate point is 
preferably fonned so as to be connected to the dummy rib. Specifically, in the case of pin gate, pin-point gates are 

55 desirably formed on the dummy ribs. In the case of side gate, gates are formed so as to be connected to the dummy 
ribs, so that molten resin Injected from the gates flows along the dummy ribs first, and then flows so as to fomn the 
standard thickness portion, seal ribs and other moldings. The width and height of the dummy ribs are primarily deter- 
mined by the fluidity of the molding resin. With regard to the shape of the dummy ribs, fine adjustments may be made 
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In view of the mechanical strength that will be described later, but In consideration of the thickness of the separator 
plate, the appropriate height of the dummy ribs is approximately 0.3 to 0.8 mm from the standard thiclcness portion. 
As to the th Ickness of the separator plate, It Is preferable to design th e separator plate so as to have sufficient mechanteal 
strength even when it is grooved on both sides for receiving the dummy ribs. 
5 [0017] It will be apparent to those skilled in the art to which the present Invention pertains that the dummy ribs are 
not necessarily required for gaskets of which standard thickness portions have such a thickness as to secure moldability 
and mechantoal strength. 

[001 8] While the novel features of the Invention are set forth particularly in the appended claims, the invention, both 
as to organization and content, will be better understood and appreciated, along with other objects and features thereof, 
10 from the following detailed description taken in conjunction with the drawings. 

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING 

[0019] FIG. 1 is a front view of a polymer electrolyte membrane in examples of the present Invention. 

15 [0020] FIG. 2 is a front view of an anode side of an MEA In one example of the present invention. 

[0021] FIG. 3 Is a front view of a cathode side of the same MEA. 

[0022] FIG. 4 Is a left side view of the same MEA. 

[0023] FIG. 5 Is an enlarged front view of the main part of the same MEA. 

[0024] FIG. 6 is a sectional view cut along the line Vl-Vi' of FIG. 5. 

20 [0025] FIG. 7 is a sectional view cut along the line VII-VIl' of FIG. 3. 

[0026] FIG. 8 Is a sectional view cut along the line VIII-VIU' of FIG. 3. 

[0027] FIG. 9 Is a front view of an anode-side conductive separator plate In one example of the present invention. 

[0028] FIG. 1 0 Is a backside view of the same separator plate. 

[0029] FIG, 11 is a front view of a cathode-side conductive separator plate in one example of the present Invention. 

25 [0030] FIG. 1 2 is a backside view of the same separator plate. 

[0O31] FIG. 13 is a sectional view of a fuel cell in one example of the present invention cut along the line VII-VIl' of 
FIG. 3. 

[0032] FIG. 1 4 is a sectional view of the same fuel cell cut along the line Vlll-Vlir of FIG. 3. 

[0033] FIG. 1 5 is an enlarged front view of the inlet and its adjacent part of an oxidant gas flow path of the cathode- 
30 side conductive separator plate. 

[0034] FIG. 1 6 is an enlarged front view of the main part of a gasket in another example of the present invention. 

[0035] FIG. 1 7 is an enlarged front view of the main part of a gasket In still another example of the present invention. 

[0036] FIG. 1 8 Is an enlarged front view of the main part of a gasket in still another example of the present invention. 

[0037] FIG. 19 is a front view of an anode side of an MEA in another example of the present invention. 

35 [0038] FIG. 20 is a front view of a cathode side of the same MEA. 



DETAILED DESCRIPTION OF THE INVENTION 



[0039] The present Invention provides a polymer electrolyte fuel cell comprising a unit cell, the unit cell comprising: 

40 

(1 ) a membrane electrode assembly comprising a polymer electrolyte membrane, a gasket whteh is formed of a 
sealing material and covers a periphery of the electrolyte membrane, an anode attached to one face of the elec- 
trolyte membrane, and a cathode attached to the other face of the electrolyte membrane; and (2) an anode^ide 
conductive separator plate and a cathode-side conductive separator plate sandwbhlng the membrane electrode 
45 assembly therebetween, 

(3) the gasket, the anode-side conductive separator plate and the cathode-side conductive separator plate having 
a pair of fuel gas manifold apertures, a pair of oxidant gas manifold apertures and a pair of cooling water manifold 
apertures, 

(4a) the gasket comprising, on an anode-situated side, a seal rib which sun^ounds afuel gas flow section extending 
so from one of the fuel gas manifold apertures through the anode Into the other of the fuel gas manifold apertures 

and seal ribs which sun'ound each of the cooling water manifold apertures, 

(4b) the gasket comprising, on a cathode-situated side, seal ribs whteh surround each of the fuel gas manifold 
apertures and the cooling water manifold apertures, 

(5) the anode-side conductive separator plate comprising a fuel gas flow path which communicates with the pair 
55 of fuel gas manifold apertures on an anode-facing side, 

(6) the cathode-skJe conductive separator plate comprising an oxidant gas flow path which communicates with the 
pair of oxidant gas manifold apertures on a cathode-facing side, 

(7) each of the seal ribs of the gasket being pressed against the surface of the anode-side conductive separator 
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plate or the cathode-side conductive separator plate by clamping pressure of the unit cell. 

[0040] The gasket preferably comprises: seal ribs surrounding each of the oxidant gas manifold apertures, fonmed 
on the anode-situated side; and a seal rib surrounding an oxidant gas flow section extending from one of the oxidant 
5 gas manifold apertures through the cathode into the other of the oxidant gas manifold apertures, f omned on the cathode- 
situated side. 

[0041] A more prefenred aspect of the present invention Is a polymer electrolyte fuel cell comprising a unit cell, the 
unit cell comprising: (1) a membrane electrode assembly comprising a polymer electrolyte membrane, a gasket which 
is formed of a sealing material and covers a periphery of the electrolyte membrane, an anode attached to one face of 
10 the. electrolyte membrane, and a cathode attached to the other face of the electrolyte membrane; and (2) an anode- 
side conductive separator plate and a cathode-side conductivie separator plate sandwiching the membrane electrode 
assembly therebetween, 

(3) the gasket, the anode-side conductive separator plate and the cathode-side conductive separator plate having 
15 a pair of fuel gas manifold apertures, a pair of oxidant gas manifold apertures and a pair of cooling water manifold 
apertures, 

(4a) the gasket comprising, on an anode-situated side, a seal rib which surrounds afuel gas flow section extending 
from one of the fuel gas manifold apertures through the anode into the other of the fuel gas manifold apertures 
and seal ribs which surround each of the cooling water manifold apertures, 
20 (4b) the gasket comprising, on a cathode-situated side, seal ribs whksh surround each of the fuel gas manifold 

apertures and the cooling water manifold apertures, 

(4c) the gasket comprising a dummy rib which at least partially surrounds one of the seal ribs on the anode-situated 
side and a dummy rib which at least partially surrounds one of the seal ribs on the cathode-situated side, 
(4d) the height of the dummy rib being greater than the height of each of the seal ribs, 
25 (5) the anode-side conducthre separator plate comprising, on an anode-facing sMe, a groove Into which the dummy 
rib is fitted loosely such that there is a clearance therebetween and a fuel gas flow path which communicates with 
the pair of fuel gas manifold apertures, 

(6) the cathode-side conductive separator plate comprising, on a cathode-facing side, a groove into which the 
dummy rib is fitted loosely such that there is a clearance therebetween and an oxidant gas flow path whksh com- 

30 munteates with the pair of oxidant gas manifold apertures, 

(7) each of the seal ribs of the gasket being pressed against the surface of the anode-side conductive separator 
plate or the cathode^ide conductive separator plate by clamping pressure of the unit cell. 

[0042] The gasket preferably comprises: seal ribs surrounding each of the oxidant gas manifold apertures, formed 
35 on the anode-situated side; and a seal rib sunrounding an oxidant gas flow section extending from one of the oxidant 
gas manifold apertures through the cathode into the other of the oxkiant gas manif okJ apertures, formed on the cathode- 
situated side. 

[0043] In a preferred mode of the present invention, the dummy rib on the anode-situated side substantially sun^ounds 
the seal rib surrounding the fuel gas flow section, and the dummy rib on the cathode-situated side substantially sur- 
40 rounds the seal rib sunrounding the oxidant gas flow section. 

[0044] In a more prefenred mode of the present invention, the dummy rib on the anode-situated side further has a 
portion surrounding each of the manifold apertures, and the dummy rib on the cathode-situated side further has a 
portion surrounding each of the manifold apertures. 

[0045] Another aspect of the present invention is a polymer electrolyte fuel cell comprising a unit cell, the unit cell 
45 comprising: (1 ) a membrane electrode assembly comprising a polymer electrolyte membrane, a gasket which Is fomried 
of a sealing material and covers a periphery of the electrolyte membrane, an anode attached to one face of the elec- 
trolyte membrane, and a cathode attached to the other face of the electrolyte membrane; and (2) an anode-side con- 
ductive separator plate and a cathode-side conductive separator plate sandwiching the membrane electrode assembly 
therebetween, 

50 

(3) the gasket, the anode-side conductive separator plate and the cathode-skie conductive separator plate having 
a pair of fuel gas manifold apertures, a pair of oxidant gas manifold apertures and a pair of cooling water manifold 
apertures, 

(4a) the gasket comprising, on an anode-situated side, dummy ribs whk:h surround each of the fuel gas manifold 
55 apertures, the oxidant gas manifold apertures and the cooling water manifold apertures; first seal ribs which sur- 
round, each of the manifold apertures Inside each of the dummy ribs; fuel gas passages whteh include a notch 
fomned at an anode-facing side of the dummy ribs sunrounding each of the fuel gas manifold apertures; a second 
seal rib which surrounds the anode; and third seal ribs whteh connect the seal ribs, of the first seal ribs, sunrounding 
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* the fuel gas manifold apertures with the second seal rib, the thlrd seal ribs being provided on both sides of each 
of the fuel gas passages, 

(4b) the gaslcet comprising, on a cathode-situated side, dummy ribs which sun-ound each of the fuel gas manifold 
apertures, the oxidant gas manifold apertures and the cooling water manifold apertures; first seal ribs which sur- 

5 round each of the manifold apertures inside each of the dummy ribs; oxidant gas passages which include a notch 

fonmed at a cathode-facing side of the dummy ribs surrounding each of the oxidant gas manifold apertures; a 
second seal rib which surrounds the cathode; and third seal ribs which connect the seal ribs, of the first seal ribs, 
surrounding the oxidant gas manifold apertures with the second seal rib, the third seal ribs being provided on both 
sides of each of the oxidant gas passages, 

10 (4c) the height of each of the dumnny ribs being greater than the height of each of thef irst, second and third seal ribs; 

(5) the anode-side conductive separator plate comprising, on an anode-facing side, grooves into which each of 
the dummy ribs is fitted loosely such that there is a clearance therebetween and a fuel gas flow path whfch com- 
municates with the pair of fuel gas manifold apertures, 

(6) the cathode-side conductive separator plate comprising, on a cathode-facing side, grooves into which each of 
15 the dummy ribs is fitted loosely such that there Is a clearance therebetween and an oxidant gas flow path which 

communicates with the pair of oxidant gas manifold apertures, 

(7) the fuel gas passages and the oxidant gas passages of the gasket communicating with the fuel gas flow path 
of the anode-side conductive separator plate and the oxidant gas flow path of the cathode-side conductive sepa- 
rator plate, respectively, 

20 (B) each of the first, second and third seal ribs of the gasket being pressed against the surface of the anode-side 

conductive separator plate or the cathode-side conductive separator plate by clamping pressure of the unit cell 
except for in the fuel gas passages and the oxidant gas passages. 

[0046] In a prefen^ed mode of the present invention, the first seal ribs and the second seal rib on the cathode-situated 
25 side of the gasket are located In alignment with the first seal ribs and the second rib on the anode-situated side, 
respectively, seal ritis are provided on the anode-situated skie In alignment with the third seal ribs on the cathode- 
situated side, and seal ribs are provided on the cathode-situated side in alignment with the third seal ribs on the anode- 
situated side. 

[0047] In another preferred mode of the present invention, the dummy ribs sun^ounding each of the fuel gas, oxidant 
30 gas and cooling water manifold apertures on the anode-situated side are connected to one another, and the dummy 
ribs surrounding each of the fuel gas, oxidant gas and cooling water manifold apertures on the cathode-situated side 
are connected to one another 

[0048] I n another preferred mode of the present invention , the gasket has a plurality of reinforcing ribs in each of the 
fuel gas passages and the oxidant gas passages, the anode-side conductive separator plate and the cathode-side 

35 conductive separator plate have a depression for receiving the reinforcing ribs, the depression being fonned In the 
vtoinity of each end of the fuel gas flow path and the oxidant gas flow path, the d^ression is adapted to support the 
top faces of the reinforcing ribs, the first and second seal ribs located in the fuel gas passages and the oxklant gas 
passages are pressed against the anode-side conductive separator plate and the cathode-side conductive separator 
plate, respectively, except for portions con-esponding to the fuel gas flow path and the oxidant gas flow path. 

^ [0049] In still another preferred mode of the present invention, at least one of the first, second and third seal ribs is 
composed of a plurality of seal ribs. 

[0050] The width, height and shape of the seal ribs fonned on the gasket of the present invention are determined in 
consideration of the clamping pressure of the cell stack and the necessary sealing pressure. The height of the seal 
ribs is determined so as to be at least equal to or higher than the height of the gate marics or other marks of both the 
45 separator plate and the gasket. The width and section shape of the seal ribs are detennined by the cutting tool for mold 
working. For example, assume that gate marics of approximately 0.1 mm are left on the surfaces of the gasket and the 
separator plate. 

In this case, when grooves of 0.3 mm in depth are cut in a mold with the use of a ball end mill 0.3 mm in diameter, vtos 
(vault-shaped ribs) 0.3 mm in height and 0.3 mm in width with a semicircular section are formed on the molded arttele. 
50 In this case, the height of the n'bs which may be reduced upon application of pressure is 0.2 mm. Generally, the height 
of the seal ribs is 0.1 to 0.5 mm, and the width Is 1 mm or less. The section shape may be a rectangle, semicircle or 
triangle. 

[0051] The separator plates to mate with the above gasket have grooves that are large, in temns of both width and 
depth, enough to fully accommodate each of the dummy ribs. The positions of the grooves are detemiined in consid- 
55 eration of estimated mold shrinkage of the gasket. The depth of the grooves is desirably greater than the height of the 
dummy ribs of the gasket in view of the gate marics, ejector pin marics, etc. left on the dummy ribs, and the width of 
the grooves is desirably large enough to absorb deviation of rib position caused by variations of mold shrinkage of the 
gasket mainly due to different mold shrinkage rates of materials. Specifically, the depth of the grooves Is approximately 
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0.1 mm greater than the height of the dummy ribs, and the width of the'grpoves Is approximately 0.3 mm greater than 
that of the dummy ribs. 

[0052] The relation between the dummy ribs of the gasket and the grooves of the separator plates in an assembled 
cell is illustrated, for example, in FIGs. 13 and 14. As is clear from these figures, the standard thckness portion and 
5 the dummy ribs of the gasket do not come in contact with the separator piates, and the gasket is in contact with the 
separator plates only at the seal ribs. Thus, the whole clamping pressure is received by the seal ribs in this structure. 
This stru(^re makes it possible to produce high sealing pressures with the application of low clamping pressures of 
the stack, thereby improving leak resistant characteristics. 

[0053] From the viewpoint of moldability, the thickness of the standard thtekness portion of the gasket can be reduced 
only .down to a certain level. Thus, the provision of the seal ribs may, in some cases, make the substantial thickness 
of the gasket greater than the thickness of the gas diffusion layers of the MEA. Tbis case can be effectively handled 
by thinning the portions of the separator plates which come in contact with the seal ribs. This also applies to the case 
which needs the use of gas diffusion layers thinner than the moldably thinnest standard thickness portion of the gasket 
in order to improve cell characteristics. In this way, by modifying the structure of the gasket in combination with the 
IS shape of the separator plates combined therewith, the pressure applied on the electrodes and the seal ribs are com- 
pensated appropriately. 

[0054] in the following, preferable embodiments of the present invention will be described In detail. The MEA of FIGs. 
2 to 4 and the separator plates of FIGs. 9 to 12 are Illustrated as having a different size, but they have the same size. 

20 EMBODIMENT 1 



[0055] FIG. 2 is a front view of an anode side of an MEA in this embodiment, and FIG. 3 is a front view of a cathode 
side of the MEA. The MEA 1 0 comprises a polymer electrolyte membrane 1 as shown In FIG. 1 , a gasket 1 1 covering 
a periphery of the polymer electrolyte membrane 1 , an anode 1 2 attached to one face of the polymer electrolyte mem- 

25 brane 1 , and a cathode 1 3 attached to the other face of the polymer electrolyte membrane 1 . The polymer electrolyte 
membrane 1 has through holes 2 aligned in a peripheral portion. The gasket 11 is one which is Injection molded so as 
to cover the peripheral portion, including the through holes 2, of the polymer electrolyte membrane 1 . The portion of 
the gasket 11 covering one face of the membrane 1 is connected to the portion of the gasket 11 covering the other 
face thereof at a portion covering the edge of the membrane 1 and at the through holes 2, so that the membrane 1 is 

30 securely supported. 

[0056] The gasket 1 1 has a pair of fuel gas manifold apertures 1 4, a pair of oxidant gas manifold apertures 1 5, a pair 
of cooling water manifold apertures 1 6, and four apertures 1 7 for receiving a clamping bolt of a cell. 
[0057] The gasket 11 has, on a side on which the anode 12 is situated, dummy ribs 21 , 22 and 23 sun-ounding the 
fuel gas manifold apertures 1 4, oxidant gas manifold apertures 1 5 and cooling water manifold apertures 1 6, respectively, 

35 and dummy ribs 24 connecting the above-mentioned dummy jfbs. The dummy ribs 21 , which surround each of the fuel 
gas manifold apertures 14, have a notch at its anode facing side, and a fuel gas passage 25 is provided so as to include 
the notch. Each of the passages 25 Is provided with two reinforcing ribs 26. The gasket 1 1 has seal ribs 42 surrounding 
each of the oxidant gas manifold apertures 15 fomned inside each of the dummy ribs 22 and seal ribs 43 surrounding 
each of the cooling water manifold apertures 1 6 inside each of the dummy rit>s 23. 

40 [0058] The gasket 11 further has, on the anode-situated side, a fuel gas seal rib sunfounding a region including the 
fuel gas manifold apertures 14, the fuel gas passages 25 and the anode 12. The fuel gas seal rib consists of seal ribs 
41 surrounding each of the fuel gas manifold apertures 14, a seal rib 44 surrounding the anode 12, and seal ribs 45 
whk:h are disposed on both sides of each of the fuel gas passages 25 so as to connect the seal ribs 41 with the seal 
rib 44. 41a and 44a, whbh are parts of the seal ribs 41 and 44 located inside the passages 25, respectively, will be 

45 described later. 

[0059] The gasket 1 1 has, on a side on which the cathode 1 3 is situated, dummy ribs 31 , 32 and 33 surrounding the 
fuel gas manifold apertures 1 4, oxidant gas manifold apertures 1 5 and cooling water manifold apertures 1 6, respectively, 
and dummy ribs 34 connecting the above-mentioned dummy ribs. The dummy ribs 32, which surround each of the 
oxidant gas manifold apertures 15, have a notch at its cathode facing side, and an oxidant gas passage 35 is provided 

50 so as to Include the notch. Each of the passages 35 is provided with four reinforcing ribs 36. The gasket 1 1 has seal 
ribs 51 sun-ounding each of the fuel gas manifold apertures 14 fomned inside each of the dummy ribs 31 and seal ribs 
53 surrounding each of the cooling water manifold apertures 1 6 inside each of the dummy ribs 33. 
[0080] The gasket 1 1 further has, on the cathode-situated side, an oxidant gas seal rib sunx)unding a region including 
the oxidant gas manifold apertures 15, the oxidant gas passages 35 and the cathode 13. The oxidant gas seal rib 

55 consists of seal ribs 52 surrounding each of the oxidant gas manifold apertures 15, a seal rib 54 surrounding the 
cathode 1 3 and seal ribs 55 which are disposed on both sides of each of the oxidant gas passages 35 so as to connect 
the seal ribs 52 with the seal rib 54. 52a and 54a, which are parts of the seal ribs 52 and 54 k}cated inside the passages 
35, respectively, will be described later. 
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^^^^ 

[0061 1 FIGs. 2 and 3 Hlustrate the rnost preferable embodiment. On the anode-situated side, the dummy rit)s 21 , 22 
and 23, which surround the manifold apertures 1 4, 1 5 and 1 6, respectively, are unitarily connected by the dummy ribs 
24. On the cathode-situated side, the dumnny ribs 31 , 32 and 33, which surround the manifold apertures 14, 15 and 
1 6, respectively, are unitarily connected by the dummy ribs 34. The dummy ribs 21 , 22, 23 and 24 on the anode-situated 
5 side are located In alignment with the dummy rbs 31 , 32, 33 and 34 on the cathode-situated side, respectively. Such 
alignment allows the gasket to have sufficient strength even when the standard thickness portion of the gasket Is 
reduced. 

[0062] The seal ribs 41 , 42 and 43 on the anode-situated side, which surround the manifold apertures 14, 15 and 
16, respectively, are located in alignment with the seal ribs 51 , 52 and 53 on the cathode-situated side, respectively. 
Further, in alignment with the seal ribs 45 disposed on both sides of each of the fuel gas passages 25 on the anode- 
situated side, seal ribs 56 are provided on the cathode-situated side, while in alignment with the seal ribs 55 disposed 
on both sides of each of the oxidant gas passages 35, seal ribs 46 are provided on the anode-situated side. It is noted, 
however, that at portions where the seal ribs 46 and 56 are to be provided and which overiap the dummy ribs, no seal 
ribs are provided since the dummy ribs are higher than the seal ribs. As described above, by providing the seal ribs 
IS on the anode-situated side In alignment with the seal ribs on the cathode-situated side, It is possible to enhance the 
seating effect of the seal ribs. 

[0063] I n the following, conductive separator plates to be combined with the above-described MEA will be described. 
[0064] FIGs. 9 and 1 0 illustrate an anode-side conducthre separator plate 60, and FIGs. 1 1 and 1 2 illustrate a cathode- 
side conductive separator plate 80. 

20 [0065] The anode-side conduc^e separator plate 60 has a pair of fuel gas manifold apertures 64, a pair of oxidant 
gas manifold apertures 65, a pair of cooling water manifold apertures 66, and four apertures 67 for receiving a clamping 
bolt of a cell. The separator plate 60 has, on an anode facing side, grooves constituting a fuel gas flow path 68 com- 
municating with the pair of fuel gas manifold apertures 64. In this separator plate, the gas flow path 68 Is comprised 
of three parallel grooves which are connected to one another in the vicinity of the manifold apertures 64. The portk>ns 

25 connecting the three grooves are Illustrated as 69. The connecting portions 69 are adapted to come in contact with 
the top surfaces of the reinforcing ribs 26 inside the gas passages 25 of the gasket 11 . It is noted, however, that the 
connecting portions 69 do not necessarily connect the grooves; they may be any depressions capable of receiving and 
supporting the ribs 26. 

[0066] The separator plate 60 has grooves 71 around each of the manifold apertures 64 excluding the the fuel gas 
30 flow path 68, and the grooves 71 are adapted to loosely receive each of the dumnty ribs 21 of the gasket 11 . The 
separator plate 60 further has, on the anode facing side, grooves 72 surrounding each of the oxidant gas manifokl 
apertures 65, grooves 73 surrounding each of the cooling water manifold apertures 66, and grooves 74 connecting 
the grooves 71 , 72 and 73. Tbe grooves 72, 73 and 74 are adapted for loosely receiving the dummy ribs 22, 23 and 
24, respectively, formed on the anode-situated side of the gasket 11 . 
35 [0067] The separator plate 60 has, on its backside, grooves constituting a cooling water flow path 76 communicating 
with the pair of cooling water manifold apertures 66. 

[0068] The cathode-side conductive separator plate 80 has a pair of fuel gas manifold apertures 84, a pair of oxidant 
gas manifold apertures 85, a pair of cooling water manifold apertures 86, and four apertures 87 for receiving a clamping 
bolt of a cell. The separator plate 80 has, on a cathode facing side, grooves constituting an oxidant gas flow path 88 

40 communicating with the pair of oxidant gas manifold apertures 85. In this separator plate, the gas flow path 88 is 
comprised of five parallel grooves which are connected to one another in the vicinity of the manifold apertures 85. The 
portions connecting the five grooves are illustrated as 89. The connecting portions 89 are adapted to come in contact 
with the top surfaces of the reinforcing ribs 36 inside the gas passages 35 of the gasket 1 1 . It is noted, however, ^at 
the portions 89 do not necessarily connect the grooves; they may be any depressions capable of receiving and sup- 

45 porting the ribs 36. 

[0069] The separator plate 80 has grooves 92 around each of the manifold apertures 85 excluding the oxidant gas 
flow path 88, and the grooves 92 are adapted to loosely receive each of the dummy ribs 32 of the gasket 11. The 
separator plate 80 further has, on the cathode facing side, grooves 91 surrounding each of the fuel gas manifold 
apertures 84, grooves 93 surrounding each of the cooling water manifold apertures 86, and grooves 94 connecting 
50 the grooves 91 , 92 and 93. The grooves 91 , 93 and 94 are adapted tbr loosely receiving the dumnny ribs 31 ,'33 and 
34, respectively, formed on the cathode-situated side of the gasket 11 . 

[0070] The separator plate 80 has, on its backside, grooves constituting a cooling water flow path 96 communicating 
with the pair of cooling water manifold apertures 86. 

[0071] The MEA 10, the anode-side conductive separator plate 60 attached to the anode side of the MEA 10, and 
55 the cathode-side conductive separator plate 80 attached to the cathode side of the MEA 10, as described above, 
constitute a unit cell. A plurality of unit cells are stacked to fomn a cell stack, an end plate Is Joined to each end of the 
cell stack with a cunrent collector plate and an insulating plate interposed between the cell stack and the end plate, 
and the resultant Is clamped by bolts, whereby a fuel cell system is assembled. 
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* [0072] FIGs. 13 and 14 are sectional views of the cell stack cut along the line VII-VII' and the line Vill-VIII' of FIG. 3, 
respectively. 

[0073] The oxidant gas manifold apertures 1 5, 65 and 85 of the gasket 11 and the separator plates 60 and 80 com- 
municate with one another. The oxidant gas passages 35 of the gasket 11 correspond to portions of the oxidant gas 

5 flow path 88 of the separator plate 80 in the vicinity of the manifold apertures 85. That Is, as shown In FIG. 15, inlet 
portions of the respective grooves of the gas flow path 88 of the separator plate 80 correspond to gaps 35a of FIG. 5 
fomned between the ribs 36 in the gas passages 35 of the gasket 11 . The ribs 36 of the gas passages 35 are located 
in the connecting portions 89 of the separator plate 80. Thus, an oxidant gas flows from one of the pair of the oxidant 
gas manifold apertures through the Inlet portions of the gas flow path 88 of the separator plate 80 and the gaps 35a 

10 into the gas flow path 88 inside the seal rib 54 sunrounding the cathode 13. The oxidant gas supplied to the cathode 
13 is then discharged into the other manifold aperture. In the gas passages 35, the seal ribs 52a and 54a, excluding 
their portions con-esponding to the gaps 35a between the ril3S 36, are pressed against the standard thtekness portion 
of the separator plate 80, as illustrated In FIG. 14. 

[0074] The fuel gas passages 25 of the gasket 11 and the fuel gas flow path 68 of the separator plate 60 have the 
15 same relation as that in the above explanation at)out the oxidant gas except that the number of the ribs 26 is two. 
[0075] It should be further noted in FIG . 1 4 that the seal rbs A2 and 52 surrounding the oxidant gas manifold aperture 
15 of the gasket 11 are located at opposite positions of the standard thtokness portion of the gasket 11 and are in 
alignment with one another. The positions at whk;h the anode-side seal ribs 42 of the gasket 11 are pressed against 
the anode-side separator plate 60 by the clamping pressure of the cell stack are in alignment with the positions at 
20 which the cathode-side seal ribs 52 are pressed against the cathode-side separator plate 80. In other words, the 
pressure-applied positions on the front side of the gasket are the same as those on the back skie. Therefore, it is 
possible to obtain good sealing effects on both sides of the gasket. In case of a major misalignment between the seal 
ribs on the front and back sides, warpage of the gasket occurs at the seal rit>s when the standard thickness portion of 
the gasket is thin, so that it becomes impossible to obtain good sealing effects. Although the above explanation has 
25 been given of the seal ribs 42 and 52, the cathode-side seal ribs 54 and 55 are also located In alignment with the 
anode-side seal ribs 44 and 46, respectively, in the figures. The anode-skJe seal ribs 45 are located in alignment with 
the cathode-side seal ribs 56. Further, with respect to the seal ribs sunrounding each of the fuel gas manifold apertures 
and the seal ribs surrounding each of the cooling water manifold apertures, the anode-side ones are located in alignment 
with the cathode-side ones. 

30 [0076] As Illustrated In FIG. 13, the gasket 1 1 is supported by only one of the separator plates, i.e., the anode-side 
separator plate 60 in a portk>n including the gas passage extending from the oxidant gas manifold aperture 15 to the 
cathode 13. Thus, the gasket 11 may possibly sag Into the gas flow path 88 of the cathode-side separator plate 80. 
However, as Illustrated in FIG. 5, since this portion of the gasket has a structure in which the reinforcing ribs 36 on the 
cathode side and the dummy rib 22 on the anode side intersect at right angles, the bending strength of the gasket is 

35 much stronger than that of the conventional gasket which is in the fomn of a slrriple flat plate. Therefore, the gasket of 
this embodiment hardly sags down, and no cross leakage occurs since the seal rik>s on the back side are pressed 
against the separator plate. The reinforcing ribs 26 on the anode side also have the same function as that of the 
reinforcing ribs 36 on the cathode side. This also applies to the portion including the gas passage extending from the 
fuel gas manifold aperture to the anode. Modified examples of these portions will be described in the following embod- 

40 Iments. 

[0077] Although this embodiment has a structure in which a cooling section for flowing cooling water therein is dis- 
posed between the cells, the cooling section may be provided every two or three cells. In this case, instead of the 
above-described combination of the anode-side separator plate and cathode-side separator plate, a separator plate 
having a fuel gas flow path on one side and an oxidant gas flow path on the other side, which serves both as the anode- 

^ side separator plate and as the cathode-side separator plate, may be used where appropriate. 

[0078] Although this embodiment has been described in tenms of the most preferable embodiment, alterations and 
modifications will become apparent to those skilled In the art without extending beyond the spirit of the present Invention. 
For example, seal ribs are provided in this embodiment so as to surround the fuel gas manifold apertures, the oxidant 
gas manifold apertures and the cooling water manifold apertures as well as the fuel gas flow path and the oxidant gas 

50 flow path; however, when air is used as the oxidant gas, it is possible to omit the seal ribs sun-ounding the oxidant gas 
manifold apertures and the oxkiant gas flow path. The structure of the separator plate may be modified accordingly in 
this case. It is understood that such modifications will be apparent to those skilled in the art to whk:h the present 
Inventbn pertains. 

55 EMBODIMENT 2 

[0079] FIG. 16 illustrates an example in whteh a double rib is used as the seal rib. In FIG. 16, on the cathode side 
of the gasket 11 , the seal rib 52 surrounding the manifold aperture 15, the seal rib 54 surrounding the cathode, the 
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seat rib 51 surrounding the manifold aperture 14 and the seal rib 55 fomned on both sides of the gas passage 35 are 
all double ribs. The seal ribs fonmed on the anode side may be made double accordingly. Also, the seat ribs on the 
anode side may be made single and may be formed in alignment with the center of the double ribs on the cathode 
side. As described above, the sealing effect can be enhanced also by fomning a plurality of parallel seal nt)s around 
5 each of the manifold apertures, the anode, the cathode or the like. 

EMBODIMENTS 

[0080] Other embodiments of the portion of the gasket 1 1 connecting the oxidant gas manifold aperture 1 5 with the 
10 cathode will be described in the following. 

[0081 ] In the above embodiments, four reinforcing ribs 36 are arranged at almost even intervals in each of the oxidant 

gas passages 35 of the gasket 1 1 , and on the other side thereof, i.e., on the anode side, the dummy ribs 22 in the fomi 

of a continuous belt are provided. The gas passages 35 are reinforced by the dummy ribs 22 and the reinforcing ribs 

36 formed so as to intersect the dummy ribs 22 at right angles. 
15 [0082] FIG. 17 illustrates an example in which the gas passage 35 is the same as that described above, but a rib 

22a having the fomi of connected cylinders is provided, instead of the rib 22, for increasing the strength. 

[0083] FIG. 1 8 illustrates an example In which an increased number of reinforcing ribs 36a having a smaller diameter 

are provided in the gas passage 35. The rib 22 on the anode side remains unchanged and is thus in the fomi of a belt. 

[0084] As described above, various structures are possible for preventing the cross leakage in the gas passages in 
20 the vicinity of the manifold apertures by employing a structure which ensures, without sacrificing gas circulation, that 

the gas passages are supported from the backside. 

EMBODIMENT 4 

25 [0085] FIG . 1 9 is a front view of an anode side of an M EA of this embodiment, and FIG . 20 is a front view of a cathode 
side thereof. The MEA 10 is slightly different in stmcture from that of Embodiment 1 . A gasket 11 A has dummy ribs 
and seal ribs whteh are different from those of Embodiment 1 . 

[0086] With respect to the dummy ribs, the dummy ribs 21 , 22 and 23 surrounding the manifold apertures 14,15 and 
1 6, respectively, on the anode-situated side and the dummy ribs 31 , 32 and 33 surrounding the manifold apertures 14, 

30 15 and 1 6, respectively, on the cathode-situated side are independent of one another without having the dummy ribs 
connecting these dummy ribs. This is the difference from the dummy ribs of the gasket 11 of Embodiment 1 . 
[0087] As to the seal ribs on the anode-situated side, seal ribs 41 Bsunxiunding each of thef uel gas manifold apertures 
14 do not have a portion crossing each of the fuel gas passages 25 to the anode (41a of Embodiment 1), and a seal 
rib 44B surrounding the anode does not have a portion crossing each of the fuel gas passages 25 (44a of Embodiment 

35 1 ). This is the difference from the seal ribs of Embodiment 1 . 

[0088] Accordingly, the fuel gas flow section extending from one of the fuel gas manifold apertures 14 through the 
anode 12 Into the other fuel gas manifold aperture Is surrounded by the seal ribs 41 B, 45 and 44B. 
p)089] As to the seal ribs on the cathode-situated side, seal ribs 52B surrounding each of the oxidant gas manifold 
apertures 15 do not have a portion crossing each of the oxidant gas passages 35 to the cathode (52a of Embodiment 

40 1), and a seal rib 54B surrounding the cathode does not have a portion crossing each of the oxidant gas passages 35 
(54a of Embodiment 1). This is the differonce from the sea! ribs of Embodiment 1 . 

[0090] Accordingly, the oxidant gas flow section extending from one of the oxidant gas manifold apertures 1 5 through 
the cathode 13 Into the other oxidant gas manifold aperture Is sun-ounded by the seal ribs 52B, 55 and 54B. 
[0091] In associafion with the above modifications of the seal ribs, the seal vbs 46 and 56 in Embodiment 1 are 
45 omitted. 

[0092] In association with the above modifications of the dummy ribs, the structure of the grooves for loosely receiving 
the dummy ribs Is duly modified in the separator plates to be combined with the MEA. It is understood that such 
modifications will be apparent to those skilled in the art. 

[0093] In this embodiment, the dummy ribs sunrounding each of the manifold apertures surround the major part of 
so outside of the seal rib surrounding the anode or the cathode. This structure enables the gasket to retain its mechanical 
strength. Neighboring two or three dummy nbs may be connected to one another. 

[0094] The foregoing embodiments have described examples in which dummy ribs are provided on a thin gasket in 
order to secure moldabllity and mechanical strength. However, it will be apparent to those skilled In the art that the 
dummy ribs are not necessarily required for gaskets of whteh standard thk^ness portions have such a thickness as to 
55 secure moldability and mechanical strength. 

[0095] In the following, examples of the present invention will be described. 
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EXAMPLE 1 



[0096] A polymer electrolyte membrane (Nation 117, manufactured by E.I. Du Pont de Nemours & Co. Inc., with a 
thickness of 50 ^m) was punched out with a Thompson die into a shape of 68 mm square having thorough holes aligned 

5 in the periphery thereof as illustrated in FIG. 1 . The through holes were 1 .5 mm in width and 6 mm In length and were 
formed at pitches of 8 mm. A gasket as illustrated in FIGs. 2 to 4, having outer dimensions of 120 mm square and inner 
dimensions of 60 him square, was molded to the polymer electrolyte membrane by a vertfcal Injection molding machine. 
The gasket was 0.7 mm in thickness at the standard thickness portion, and had, on both sides thereof, dummy ribs 
2.0 mm in width and 0.6 mm in height and seal ribs 0.6 mm in width and 0.5 mm in height with a semteircular section 

10 0.3 mm In radius. The reinforcing ribs 36 In the gas passages 35 In the vicinity of the oxidant gas manifold apertures 
15 were 2.0 mm in width and were formed at pitches of 4.0 mm. In association therewith, the ribs 22 were an^anged 
on the anode side so as to intersect the reinforcing ribs 36 at right angles. This formed a structure having a high bending 
strength. 

[0097] A thermoplastic polyester elastomer (Hylrel M7240, manufactured by Du Pont-Toray Co., Ltd.) was used as 
15 the gasket material. The molding conditions were: Injection temperature 235»C, mold temperature SO^C and injection 
speed 240 mm/sec. With respect to the gate point, eight pin-point gates 0.9 mm in diameter were provided on the 
above-described dummy ribs for molding the gasket, and the molding under the above-described conditfons produced 
no short shot. 

[0098] Next, Ketjen Black EC (furnace black manufactured by Ke^en Black Intemational Company), having a specific 
20 surface area of 800 nfi/g and a DBP oil absorption of 360 ml/100g, was caused to carry platinum In a weight ratio of 
1 :1 . 10 g of this catalyst powder was mixed with 35 g of water and 59 g of a dispersion of hydrogen-ion conductive 
polymer electrolyte in alcohol (9% FSS, manufactured by Asahi Glass Co., Ltd.), and was dispersed with the use of 
an ultrasonic mixer to prepare an ink for catalyst layer. The ink was applied onto a polypropylene film (Torayfan 50-2500, 
manufactured by Toray Industries. Inc.) and was dried to fonm a catalyst layer. The catalyst layer thus obtained was 
25 cut Into a size of 59 mm X 59 mm, and was then transfenred onto both faces of the exposed part of the above-described 
molded polymer electrolyte membrane under the conditions of temperature 13S*'C and pressure 32 kgf/cm^. Subse- 
quently, an aqueous dispersion containing a polytetrafluoroethylene (PTFE) fine powder (manufactured by DalWn In- 
dustries. Ltd.) and acetylene black (manufactured by Denki Kagaku Kogyo K.K.) in a weight ratio of 1 :4 was applied 
onto one face of a gas diffusion layer made of carbon fiber (TGPH120, manufactured by Toray Industries, Inc.), and 
30 was baked at 350«'C for 20 minutes to form a water repellent layer having a density of 2.0 mgfcmZ per unit area of the 
electrode. 

[0099] The gas diffusion layers with the water repellent layer fomned thereon were bonded to the electrolyte mem- 
brane with the catalyst layers transfen-ed thereon, in such a manner that the water repellent layers came in contact 
with the catalyst layers, by hot pressing at a temperature of 130'C and a pressure of 1 .5 MPa, thereby to produce an 

35 MEA. The MEA was subjected to characteristic evaluation tests as described later. 

[0100] Thereafter, two kinds of carbon separator plates, I.e., an anode-side conductive separator plate having a 
shape as illustrated in FIGs. 9 and 10 and a cathode^ide conductive separator plate having a shape as lllusliBted In 
FIGs. 1 1 and 12, were produced in the following manner. Manifold apertures, flow paths for oxidant gas, fuel gas and 
cooling water, and grooves for loosely receiving the dummy ribs of the gasket were formed by milling In a resin-im- 

40 pregnated graphite plate (glassy carbon manufactured by Tokai Carbon Co., Ltd.) having outer dimensions of 1 20 mm 
X 120 mm and a thickness of 3.0 mm. These two kinds of separator plates were bonded to each other with a silteone 
sealant to produce a separator unit, having a cooling water flow path fomned therein, of which one side was the anode- 
side separator plate and of which the other side was the cathode-side separator plate. 

[0101] The separator units and the MEAs produced in the above manner were combined to produce a stack of 3 
45 cells connected In series. Since the grooves of the separator plates were 0.3 mm wider and 0.1 mm deeper than the 
dummy ribs of the gasket, the dummy ribs were positioned so as not to come in contact with the inner walls of the 
grooves of the separator plates. Thus, this cell stack exhibited no sealing problem caused by dimensional difference 
between the separator plate and the gasket due to mold shrinkage of the gasket and gate marics (approximately 50 
(im high) of the dummy ribs. 

50 [0102] Table 1 shows a comparison between the characteristics of the cell stack of Example 1 and the characteristics 
of comparative example 1 . Comparative example 1 is an example In which the seal ribs of the gasket were omitted 
from Example 1 . and the dummy ribs were so fitted into the grooves of the separator plates as to seal the cell. 
[QIOS] The evaluation points are as follows: 



The above-described stack of three cells (separator area: 12x12= 144 cm^) was clamped at 1440 kgf 
(clamping pressure 1 MPa). and a nitrogen gas supply source was connected to the anode side thereof. While the 
supply pressure was retained at 50 kPa, the amount of gas leaking out of the cathode side was measured. 



55 



(1) Working cross leakage test 
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(2) Working outward leakage test 

The above-described stack of three cells was clamped at 1 440 kgf (clamping pressure 1 MPa). A nitrogen gas 
supply source having a pressure of 50 kPa was connected to the anode and the cathode thereof, and the amount 
of gas flowing in (which is equal to the amount of gas flowing out, i.e., the amount of outward leakage) was meas- 
ured. 

(3) Minimum clamping pressure test 

A nitrogen gas supply source was connected to the anode and the cathode of the above-descril>ed stack of 
three cells. While the supply pressure was retained at 50 kPa, the clamping pressure of the cell stack necessary 
for reducing the amount of gas flowing in (which is equal to the amount of gas flowing out, I.e., the amount of 
outward leakage) to 0.01 ml/min or less was measured. 

[01 04] The results of these tests are shown in Table 1 . 



Table 1 





Working cross leakage test 


Working outward leakage 
test 


Minimum clamping 
pressure test 


Comparative Exanriple 1 


14.5 ml/min 


2.8 ml/min 


1820 kgf 


Example 1 


0.01 ml/min or less less 


0.01 ml/min or 


456 kgf 



[01 05] As is clear from the results of Table 1 , according to the stack structure of gasket/separator plate of the present 
invention, it is possible to prevent cross leakage and outward leakage with the application of much lower clamping 
pressures than the conventional pressures. This is presumably because the height of the seal ribs is greater than that 
of the surface unevenness of the standEurd thtekness portion of the gasket and because this physical structure allows 
the pressure to apply locally only to the seal ribs, /tecordingly, even without the dummy ribs, the provisk>n of only the 
seal ribs would make it possible to obtain sufficient sealing effects with the application of low clamping pressures, 
provided that there is no requirement of thinning the gasket 

EXAMPLE 2 TO 4 

[01 06] In the same manner as in Example 1 , gaskets were molded so as to have a structure as illustrated in FIG. 1 8 
(Example 2), a structure as illustrated in FIG. 16 (Example 3), and a structure as illustrated in FIG. 17 (Example 4) In 
the vicinity of the manifold apertures. Using these gaskets, MEAs were produced in the same manner as in Example 
1. Separator plates were designed and produced in the same manner as in Example 1, and using the MEAs and 
separator plates thus produced, stacks of 3 cells were produced. 
[0107] These cell stacks were subjected to the following characteristic evaluation tests: 

(1) Working cross leakage test 

The above-described stacks of three cells (separator area: 12 x 12 = 144 cm^) were clamped at 1440 kgf 
(clamping pressure 1 MPa), and a nitrogen gas supply source was connected to the ainode side thereof. While the 
supply pressure was retained at 50 kPa, the amount of gas leaking out of the cathode side was measured. 

(2) Marginal cross leakage test 

The above-described stacks of three cells were clamped at 1440 kgf (clamping pressure 1 MPa), and the gas 
supply pressure on the anode side was gradually increased until the gas leaked out of the cathode side. The supply 
pressure upon the gas leakage out of the cathode side was measured. 

[01 08] The results of these tests are shown In Table 2. 



Table 2 





Woridng cross leakage test 


Marginal cross leakage test 


Example 1 


0.01 ml/min or less 


189 kPa 


Example 2 


0.01 ml/min or less 


2^kPa 


Example 3 


0.01 ml/min or less 


306 kPa 


Example 4 


0.01 ml/min or less 


265 kPa 
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[0109] As shown in Table 2, no cross leakage was observed, in any of the examples, at working pressure (the gas 
supply pressure Is normally 50 kPa on both the anode side and the cathode side). Also, in any of the examples, the 
cell open-circuit voltage (OCV) was approximately 0.99 V, thereby causing no problem in practical use. The purpose 
of the marginal cross leakage test was to find the behaviors of the ceils in the case of non-steady-state operations of 
5 the gas supply system, for example, valve opening/closing. The results of these tests indicate that by fomning a plurality 
of seal ribs around each of the manifold apertures, the anode, the cathode or the like and by modifying the backside 
of the gas passages of the gasket as in Examples 2 to 4, the test resulte can be improved, thereby becoming suited 
for applications of high gas supply pressures (the supply pressure for automobile use is approximately 180 kPa, but 
the pressure difference between the electrodes is, at the maximum, one third or one fourth. 
[QllPI I'he present invention can produce a fuel cell having high gas sealing properties with the application of low 
clamping pressures, thereby contributing to Improved reliability of fuel cells. 

[01111 Although the present invention has been described in tenms of the presently prefenred embodiments, It Is to 
be understood that such disclosure is not to be interpreted as limiting. Various alterations and modifications will no 
doubt become apparent to those skilled in the art to which the present invention pertains, after having read the above 
15 disclosure. Accordingly, It Is intended that the appended claims be interpreted as covering all alterations and modifi- 
cations as fail within the true spirit and scope of the invention. 




Claims 

20 

1 . A polymer electrolyte fuel cell comprising a unit cell, said unit cell comprising: (1 ) a membrane electrode assembly 
comprising a polyrrier electrolyte membrane, a gasket which is formed of a sealing material and covers a periphery 
of said electrolyte membrane, an anode attached to one face of said electrolyte membrane, and a cathode attached 
to the other face of said electrolyte membrane; and (2) an anode-side conductive separator plate and a cathode- 

25 side conductive separator plate sandwk:hing said membmne electrode assembly therebetween, 

(3) said gasket, said anode-side conductive separator plate and said cathode-side conductive separator plate 
having a pair of fuel gas manifold apertures, a pair of oxidant gas manifold apertures and a pair of cooling 
water manifold apertures, 

30 (4a) said gasket comprising, on an anode-situated side, a seal rib which surrounds a fuel gas flow section 

extending from one of said fuel gas manifold apertures through the anode into the other of said fuel gas 
manifold apertures and seal ribs which sun'ound each of said cooling water manifold apertures, 
(4b) said gasket comprising, o n a cathode-situated side, seal ribs which surround each of said fuel gas manifold 
apertures and said cooling water manifold apertures, 

35 (5) said anode-side conductive separator plate comprising a fuel gas flow path which communicates with said 

pair of fuel gas manifotel apertures on an anode-facing side, 

(6) said cathode-side conductive separator plate comprising an oxidant gas ftow path whteh communicates 
with said pair of oxidant gas manifold apertures on a cathode-facing side, 

(7) each of said seal ribs of said gasket being pressed against the surface of said anode-side conductive 
40 separator plate or said cathode-side conductive separator plate by clamping pressure of said unit cell. 

2. The polymer electrolyte fuel cell In accordance with claim 1, wherein said gasket further comprises: seal ribs 
sun^ounding each of said oxidant gas manifold apertures, formed on the anode-situated side; and a seal rib sur- 
roundin g an oxidant gas flow section extending from one of said oxidant gas manifold apertures through the cathode 

45 into the other of said oxidant gas manifold apertures, fonmed on the cathode-situated side. 

3. A polymer electrolyte fuel cell comprising a unit cell, said unit cell comprising: (1 ) a membrane electrode assembly 
comprising a polymer electrolyte membrane, a gasket which is fonmed of a sealing material and covers a periphery 
of said electrolyte membrane, an anode attached to one face of said electrolyte membrane, and a cathode attached 

so to the other face of said electrolyte membrane; and (2) an anode-side conductive separator plate and a cathode- 

side conductive separator plate sandwiching said membrane electrode assembly therebetween, 

(3) said gasket, said anode-side conductive separator plate and said cathode-side conductive separator plate 
having a pair of fuel gas manifold apertures, a pair of oxidant gas manifold apertures and a pair of cooling 
55 water manifold apertures, 

(4a) said gasket comprising, on an anode-situated side, a seal rib which sunrounds a fuel gas flow section 
extending from one of said fuel gas manifold apertures through the anode into the other of said fuel gas 
manifold apertures and seal rit>s which surround each of said cooling water manifold apertures. 
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(4b) said gasket comprising, on a cathode-situated side, seal ribs which sunround each of said fuel gas manifold 
apertures and said cooling water manifold apertures, 

(4c) said gasket comprising a dummy rib which at least partially surrounds one of said seal ribs on the anode- 
situated side and a dummy rib which at least sunrounds one of said seal ribs on the cathode-situated side, 
(4d) the height of said dummy rib being greater than the height of each of said seal nbs, 

(5) said anpde^ide conductive separator plate comprising, on an anode-facing side, a groove into which said 
dummy rib Is fitted loosely such that there is a clearance therebetween and a fuel gas flow path whteh com- 
municates with said pair of fuel gas manifold apertures, 

(6) said cathode-side conductive separator plate comprising, on a cathode-facing side, a groove into which 
said dummy rib is fitted loosely such that there is a clearance therebetween and an oxidant gas flow path 
which oDrhmunicates with said pair of oxidant gas manifold apertures, 

(7) each of said seal ribs of said gasket being pressed against the surface of said anode-side conductive 
separator plate or said cathode-side conductive separator plate by clamping pressure of said unit cell. 

The polymer electrolyte fuel cell in accordance with claim 3, wherein said gasket further comprises: seal ribs 
sun^ounding each of said oxidant gas manifold apertures, formed on the anode-situated side; and a seal rib sur- 
rounding an oxidant gas flow section extending from one of said oxidant gas manif oM apertures through the cathode 
into the other of said oxidant gas manifold apertures, fomned on the cathode-situated side. 

The polymer electrolyte fuel cell in accordance with claim 4, wherein said dummy rib on the anode-situated side 
substantially surrounds said seal rib surrounding said fuel gas fk)w section, and said dummy rib on the cathode- 
situated side substantially sunrounds said seal rib surrounding said oxidant gas flow sectton. 

The polymer electrolyte fuel cell in accordance with claim 5, wherein said gasket further comprises, on the anode- 
situated side, dummy ribs surrounding each of said seal ribs surrounding said oxidant gas manifold apertures and 
said cooling water manifold apertures, and further comprises, on the cathode-situated side, dummy ribs sunround- 
ing each of saki seal ribs surrounding said fuel gas manifold apertures and said cooling water manifold apertures. 

A polymer electrolyte fuel cell comprising a unit cell, said unit cell comprising: (1) a membrane electrode assembly 
comprising a polymer electrolyte membrane, a gasket which is formed of a sealing material and covers a periphery 
of said electrolyte membrane, an anode attached to one face of said electrolyte membrane, and a cathode attached 
to the other face of said electrolyte menr^rane; and (2) an anode-side conductive separator plate and a cathode- 
side conductive separator plate sandwiching said membrane electrode assembly therebetween, 

(3) said gasket, said anode-side conductive separator plate and said cathode-side conductive separator plate 
having a pair of fuel gas manifold apertures, a pair of oxidant gas manifold apertures and a pair of cooling 
water manifold apertures, 

(4a) said gasket comprising, on an anode-situated side, dummy ribs which surround each of said fuel gas 
manifold apertures, said oxidant gas manifold apertures and said cooting water manifold apertures; first seal 
ribs which surround each of said manifold apertures inside each of said dummy nbs] fuel gas passages whteh 
include a notch fomned at an anode-facing side of said dummy ribs surrounding each of said fuel gas manifold 
apertures; a second seal rib which surrounds the anode; and third seal ribs which connect the seal ribs, of 
said first seal ribs, surrounding said fuel gas manifold apertures with said second seal rib, said third seal ribs 
being provided on both sides of each of said fuel gas passages, 

(4b) said gasket comprising, on a cathode-situated side, dummy ribs which surround each of said fuel gas 
manifold apertures, said oxidant gas manifold apertures and said cooling water manifold apertures; first seal 
ribs whteh sum>und each of said manifold apertures inside each of said dummy ribs; oxidant gas passages 
which include a notch fonrted at a cathode-facing side of said dummy ribs sun^unding each of said oxklant 
gas manifold apertures; a second seal rib which surrounds the cathode; and third seal ribs which connect the 
seal ribs, of said first seal ribs, surrounding said oxidant gas manifold apertures with said second seal rib, said 
third seal ribs being provided on both sides of each of said oxidant gas passages, 

(4c) the height of each of said dummy ribs being greater than the height of each of said first, second and third 
seal ribs, 

(5) said anode-side conductive separator plate comprising, on an anode-facing side, grooves Into which each 
of said dummy ribs is fitted loosely such that there is a clearance therebetween and a fuel gas flow path whteh 
communicates with said pair of fuel gas manifold apertures, 

(6) said cathode-side conductive separator plate comprising, on a cathode-fadng side, grooves into which 
each of said dummy ribs is fitted loosely such th£^ there is a clearance therebetween and an oxidant gas flow 
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path which communicates with said pair of oxidant gas manifold apertures, 

(7) said fuel gas passages and said oxidant gas passages of said gasket communicating with said fuel gas 
flow path of said anode-side conductive separator plate and said oxidant gas flow path of said cathode-side 
conductive separator plate, respectively. 
5 (8) each of said first, second and third seal ribs of said gasket being pressed againstthe surface of said anode- 

side conductive separator plate or said cathode-side conducive separator plate by clamping pressure of said 
unit cell except for in said fuel gas passages and said oxidant gas passages. 

8. The polymer electrolyte fuel cell in accordance with claim 7, 

10 wherein said first seal ribs and said second seal rib on the cathode^ituated side of said gasket are kx:ated 

in alignment with said first seal ribs and said second rib on the anode-situated side, respectively, 

seal ribs are provided on the anode-situated side in alignment with said third seal ribs on the cathode-situated 

side, and 

seal ribs are provided on the cathode-situated side in alignment with said third seal ribs on the anode-situated 

15 side. 

9. The polymer electrolyte fuel cell in accordance with daim 7, wherein said dummy ribs surrounding each of said 
fuel gas, oxidant gas and cooling water manifold apertures on the anode-situated side are connected to one an- 
other, and said dummy ribs sunrounding each of said fuel gas, oxidant gas and cooling water manifold apertures 

20 on the cathode-situated side are connected to one another. 

10. The polymer electrolyte fuel cell in accordance with claim 7, 

wherein said gasket has a plurality of reinforcing ribs in each of satel fuel gas passages and said oxklant gas 
passages, 

25 said anode-side conductive separator plate and said cathode-side conductive separator plate have a de- 

pression for receiving said reinforcing rit)s, said depression being formed in the vicinity of each end of said fuel 
gas flow path and said oxidant gas flow path, 

said depression is adapted to support the top faces of said reinforcing ribs, 

said first and second seal ribs located in said fuel gas passages and said oxidant gas passages are pressed 
30 against said anode-;Side conductive separator plate and said cathode-side conductive separator plate, respectively, 

except for portions corresponding to said fuel gas flow path and said oxidant gas flow path of said anode-side and 
cathode-side conductive separator plates. 

11. The polymer electrolyte fuel cell in accordance with claim 7, wherein at least one of said first, second and third 
35 seal ribs is composed of a plurality of seal ribs. 
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